Background: Bilateral lateral rectus recession is the most common surgical treatment of intermittent exotropia in children. Success rates in previous studies differ because longer follow-up periods may change success rate as the eyes drift out with time. Initial overcorrection was thought to be appropriate management, but the preferred initial postoperative deviation has not been well quantified. Objective: To study long-term outcomes (≥3 years) of bilateral lateral rectus recession for intermittent exotropia and to evaluate factors influencing long-term success. Methods: This retrospective descriptive study reviews patients with intermittent exotropia who underwent bilateral lateral rectus recession with a minimum follow up of 3 years. Long-term motor outcome was classified as good (within 8 prism diopters (PD) of esodeviation and 10 PD of exodeviation), acceptable (exodeviation 11-20 PD), and poor (esotropia >8 PD or exotropia >20 PD). Stereoacuity testing pre-and postoperatively was used to evaluate sensory outcome. Correlation between long-term outcome and various pre-and postoperative factors were analyzed. Results: A total of 59 patients met the selective inclusion criteria. The mean age at time of surgery was 7.1 years with a mean follow-up time of 4.5 years. At the time of the last visit, 69% (41 patients) had good outcomes, 24% (14 patients) had acceptable outcomes, and 7% (4 patients) had poor outcomes. Initial postoperative ocular deviation significantly correlated with long-term outcome (P < 0.05). Mean initial postoperative ocular deviation of patients with good outcome was esodeviation 12.7 PD (range ortho to esodeviation 25 PD). In 45 patients whose stereoacuity could be assessed, 58% (26 patients) had stereoacuity improvement. Conclusion: Good long-term motor outcome can be achieved in 69% of patients following bilateral lateral rectus recession for intermittent exotropia. Initial postoperative ocular deviation correlated with long-term motor success.
Intermittent exotropia is the most common type of divergence strabismus in young children, and has high prevalence in countries in tropical regions such as Thailand. Without treatment, intermittent exotropia usually progresses by increasing in angle of deviation, worsening control, decreased stereoacuity, and if left untreated, results in constant exotropia.
The standard surgical procedure is bilateral lateral rectus recession [1] . Success rates of this procedure are not consistent in previous studies (42.2%-63%) [2] [3] [4] [5] [6] [7] [8] [9] . Exotropic drift is believed to be the reason of unsuccessful outcome. However, a majority of patients were found to have developed postoperative exotropic drift with time. Therefore, initial overcorrection is thought to be appropriate management, but the preferred initial postoperative deviation has not been well quantified [10] . The purpose of this study is to examine the long-term outcome (at least 3 years) of bilateral lateral rectus recession for patients with intermittent exotropia and to determine the initial postoperative angle deviation that best correlates with long-term success.
Materials and methods
This study was approved by the King Chulalongkorn Memorial Hospital and Rutnin Eye Hospital Institutional Review Board. It is a retrospective descriptive analytical study that reviewed patients with intermittent exotropia who underwent bilateral lateral recession during September Patients with intermittent exotropia who, underwent BLR recession as initial surgery with postoperative follow-up time of at least 3 years, were included. Those with coexisting vertical deviation, oblique muscle dysfunction, significant A or V pattern, restrictive or paralytic strabismus, craniofacial malformations, prior strabismus surgery or botulinum toxin injection, reduced visual acuity (except refractive error or mild amblyopia that defined as best corrected visual acuity better than 20/40), and significant neurological impairment were excluded.
Collected demographic data included: age at time of surgery, sex, and any underlying diseases. Clinical data included; best corrected visual acuity, ocular deviation at distance (20 ft; 6.1 m) and near (1 ft; 0.3 m) at preoperative, postoperative at 1 week and final visit. Near stereoacuity was tested using pre and postoperative Titmus stereo tests. Long-term motor outcome was classified according to potential of binocular fusion as good outcome (within 8 PD of esodeviation and 10 PD of exodeviation), acceptable outcome (exodeviation 11-20 PD), and poor outcome (esodeviation >8 PD or exodeviation >20 PD). Sensory outcome was classified as good (stereoacuity ≤60 seconds of arc), poor (>60 seconds of arc), and no stereoacuity. Secondary operation because of undesirable outcome were recorded.
Long-term motor outcome and sensory outcome was evaluated by proportion analysis. The correlation between preoperative deviation, 1 week postoperative deviation, age at surgery, and long-term motor outcome were analyzed by univariate and multivariate analysis.
Correlation between sex and long-term motor outcome were analyzed using an unpaired t test.
Results

Pre-operative characteristics
A total of 59 patients met the inclusion criteria; 26 male (44%), 33 female (56%), with a mean age at surgery 7.1 years (range 2.3-15). Mean follow up time was 4.5 years (range 3-7). Mean initial preoperative exodeviation was 27 prism diopters, PD (range 18-45) at distance, and 29 PD (range 18-50) near. Preoperative best corrected visual acuity in the worse eye was: 20/20 34% (20 patients), 20/25 20% (12 patients), 20/30 25% (15 patients), 20/40 17% (10 patients), and CSM 3% (2 patients).
Motor outcome
At last follow up visit, 69% (41 patients) had good motor outcome, 24% (14 patients) had acceptable outcome, and 7% (4 patients) had poor outcome ( Table 1) . Two patients, who had poor outcome, underwent reoperation for consecutive esotropia. An average first week postoperative ocular deviation at distance is shown in Table 1 . An average of the first week postoperative deviation in patients who achieve good long-term outcome was esodeviation 12.7 PD (range from orthotopia to esodeviation 25 PD) (mode and median were 12 PD). During the follow up period, 83% of patients had exotropic drift with average exotropic drift of 15.7 PD. Percentage of patients with exotropic drift was 85% in good, 71% in acceptable, and 50% in poor motor outcome groups. Average exotropic drift was 15.1 PD in good, 12.8 PD in acceptable, and 47.0 PD in poor motor outcome groups. 
Sensory outcome
Of 59 preoperative patients, 41% (24 patients) had good stereoacuity, 41% (24 patients) had poor stereoacuity, 3% (2 patients) had no stereoacuity, and 15% (9 patients) were unable to perform stereotest. Postoperatively, out of a total of 57 patients, 68% (39 patients) had good stereoacuity, 25% (14 patients) had poor stereoacuity, and 7% (4 patients) were unable to perform stereotesting. Two patients were excluded from postoperative data collection because of reoperation.
Preoperative and postoperative data were obtained from 44 patients. Comparative stereoacuity outcome was classified according to long-term motor success as shown in Table 2 .
Comparison analysis
Two patients were excluded from comparison analysis because of reoperation. According to univariate analysis, there was no significant correlation between long-term outcome and preoperative ocular deviation (P = 0.24), or age at surgery (P = 0.07). There was also no significant difference in long-term outcome between male and female patients (P = 0.59) by independent sample t test.
First week postoperative ocular deviation was the only factor that significantly correlated with long-term postoperative outcome by univariate analysis (P = 0.002, R 0.402) and multivariate analysis (P = 0.002, R 2 0.164). The predicted long-term postoperative distance deviation equation from linear regression was "y = -9.36 + 0.38x; R 2 = 0.162" (y = long-term postoperative distance deviation, x = the first week postoperative distance deviation).
Discussion
Success rates of bilateral lateral rectus recession for intermittent exotropia differ in previous studies (42.2%-63%). There are many explanations that could account for this. One being that a longer followup period may change the success rate as the eye drifts out (exotropic drift) with time. In this study, we reported long-term outcomes with a minimum follow up period of 3 years, which is longer than that in previous studies [2, 3, 5-9, 11, 12] . The success rate of bilateral lateral rectus recession for intermittent exotropia in this study was 69%, which is not inferior to others, but success rates may be influenced by different definitions of success and follow up periods in each study.
It was suggested by previous studies that initial undercorrection may lead to poor long-term outcome [13] and initial overcorrection is important to achieve good long-term outcome [2] . However, there is no exact or "magic" number of the preferred initial ocular deviation for desirable long-term outcomes. Moreover, according to our study, the most common cause of reoperation was consecutive esodeviation. Leow and colleagues found that initial overcorrection is not necessary because they found that initial postoperative deviation did not significantly affect long-term outcome [3] . In this study, we also evaluated correlations between initial postoperative deviation and long-term outcome.
We used a postoperative period of 1 week to avoid effects from shorter postoperative times that would otherwise influence the measurement; such as chemosis and postoperative pain. We found that initial postoperative deviation is the only factor that correlated with long-term outcome (P < 0.05), but this correlation was not strong (R = 0.04).
We found that 83.0% of the patients developed exotropic drift. Average exotropic drift was 15.7 PD and thus we also believe that initial postoperative overcorrection provides a higher chance to achieve good long-term outcome. In the current study, the average initial postoperative distance deviation in patients with good long-term outcome was esodeviation 12.7 PD (range from orthotopia to esodeviation We used only ocular deviation at distance to evaluate the outcome. This was because distance deviation is usually worse than near deviation according to the nature of this disease. However, if using near deviation to evaluate outcome, some good outcome patients may fall into acceptable or poor outcome groups.
Unlike our study, previous studies rarely included stereopsis evaluation. Here, we aimed to examine sensory outcome, which provided findings that 45.6% of patients had improved stereoacuity that was comparable with the findings of Ekdawi and colleagues [4] . Often used in strabismus surgical studies, retrospective study designs such as this have limitations because of incomplete data collection and less power for comparison of results. Thus, a prospective study may help minimize these limitations in the future.
Conclusions
Good long-term motor outcome can be achieved in 69% of patients following bilateral lateral rectus recession for intermittent exotropia. Initial postoperative ocular deviation correlated with longterm motor success.
